Six major genotypes (genotypes 1 -6) of hepatitis C virus (HCV) have been identified. These genetic variants are being transmitted to chimpanzees, the only recognized animal model for the study of HCV. Genotype 5a (strain SA13), a variant found primarily in South Africa, has been transmitted to chimpanzees for the first time. Experimental infection of 2 chimpanzees was characterized by early appearance of viremia and peak virus titers of 10 5 -10 6 genome equivalents/mL. The HCV infection was resolved by week 15 after inoculation in 1 chimpanzee and persisted in the other. Both chimpanzees became anti-HCV -positive by week 14 after inoculation. Both chimpanzees developed viral hepatitis. The infectivity titer of a genotype 5a challenge pool prepared from the first passage of HCV in a chimpanzee was Ç10 4 infectious doses/mL. Finally, sequence analysis of strain SA13 confirmed that genotype 5a is genetically distinct from other genotypes of HCV.
Hepatitis C virus (HCV) is an important human pathogen [1] . limited or no cross-protection or reactivity. Differences in pathogenesis, as well as in response to therapy, have been More than 80% of HCV-infected persons become chronically infected and have increased risk of developing chronic liver suggested [3] , but further studies are needed to define the biologic differences, if any, among the different HCV genotypes. disease. Like other Flaviviridae, HCV has a positive-sense single-stranded RNA genome [1] . Its genome consists of the 5
The chimpanzee represents the only animal model for HCV [5] . Chimpanzees infected with genotypes 1a or 1b developed untranslated region (UTR; Ç340 nt), the open-reading frame (ORF; Ç9000 nt), and the 3 UTR (200 -300 nt). The ORF acute or chronic viral hepatitis [5] . As part of our effort to characterize the HCV genotypes in chimpanzees and prepare encodes a polyprotein that is cleaved into at least 10 putative structural and nonstructural proteins.
standardized infectious reagents, we transmitted genotype 5a to chimpanzees. Genotype 5a was identified among South African Genetic analysis of HCV led to the discovery of six major genetic groups (genotypes 1 -6) and multiple minor genetic hepatocellular carcinoma patients [2, 6, 7] . Later studies showed that this genotype is primarily found in South Africa, groups (subtypes 1a, 1b, 2a, 2b, etc.) [2, 3] . However, the biologic significance of these genotypes is not clear. Their where it constitutes ú30% of HCV infections [8] . In the present study, we examined the course of the infection of genotype 5a envelope proteins vary as much as do the envelope proteins of different serotypes of the related dengue viruses [2, 4] . Thus, (strain SA13) in 2 chimpanzees, prepared and determined the infectivity titer of a genotype 5a challenge pool, and determined the variants of HCV could be immunologically distinct, with the consensus sequence of strain SA13. hepatitis from week 9 after inoculation onward. consensus sequence could not be determined at five positions first-passage pool (300 mL) was prepared from plasmapheresis with heterogeneity. However, the consensus amino acid seunits obtained at weeks 1-6 after inoculation from chimpanzee quence was not changed by these differences. The 3 246 nt 1516. The units were thawed and pooled on ice, divided into of the 5 UTR of strain SA13 was identical to those of the 5
Materials and Methods
1.1-mL aliquots, and stored at 080ЊC. The infectious titer of the UTR of other genotype 5a isolates [6] . The variable region of challenge pool was determined by reverse titration in chimpanzee the 3 UTR consisted of 32 nt with two in-frame termination 1547. Dilutions of the pool (new aliquot for each dilution) were codons. This is the same length as determined for another prepared in preinoculation plasma from chimpanzee 1547.
genotype 5a isolate (FR741) [4] . Two nucleotide differences were found between strains SA13 and FR741 in this region. The heterogeneity of the 3 UTR of strain SA13 was anaResults lyzed by cloning and sequencing of DNA amplicons obtained by RT-nested PCR. The variable region was highly conserved, Transmission of HCV genotype 5a to a chimpanzee. Chimpanzee 1516 became infected with strain SA13 [2, 9] after with a length of 32 nt in all 15 clones and a total of only two substitutions. The poly U-UC region varied in length (44 -127 intravenous inoculation of 0.5 mL of serum (containing Ç10 6 GE of HCV [in-house RT-PCR, 10 6 GE/mL; bDNA, 10 6.35 GE/ nt), as well as in composition. The poly U region included one or two A residues in 7 clones, and all 15 clones had one or mL]) from a South African hepatocellular carcinoma patient (figure 1). The chimpanzee was viremic during weeks 1 -14 two G residues in the poly UC region. In all 15 clones, the first 16 nucleotides of the conserved region were identical to after inoculation, with titers of 10 4 -10 6 GE/mL. Sera collected during weeks 15 -26 after inoculation were negative for HCV the sequence previously determined for genotypes 1, 2, 3, and 4 [13, 14] . However, in strain SA13 of genotype 5a, the se-RNA, indicating that this chimpanzee had an acute resolving infection. The second-generation ELISA for anti-HCV was quence 5-AAATCTTT-3 was found between the poly UC region and the conserved sequence of the 3 UTR. transiently positive during weeks 14 -21 after inoculation. An- We did multiple sequence alignments of the ORF nucleotide branch for genotype 5a, were obtained by distance (not shown) and parsimony analysis of the sequences of isolates representand amino acid sequences of strain SA13 and representative isolates of other genotypes. The sequence identity between ing the recognized variants of HCV. The 2 genotype 5a strains (SA13 and EUH1480) were as closely related as were strains SA13 and other genotypes ranged from 67% to 70% at the nucleotide level and 71% to 77% at the amino acid level. The within genotypes 1a, 1b, or 3a. differences observed in the length of the polyprotein of SA13 (3014 aa) and other genotypes (3008 -3037 aa) were due to insertions or deletions in E2 and NS5A. Conserved features Discussion previously found in other genotypes were also conserved in genotype 5a. For example, the predicted envelope proteins of
In the present study, we biologically amplified a genotype 5a strain in a chimpanzee and prepared an infectious challenge strain SA13 contained 10 potential N-linked glycosylation sites that are found in all genotypes of HCV.
pool. The HCV genome titer of this pool was Ç10 5 GE/mL and the infectious titer was Ç10 4 chimpanzee infectious doses/ Recently, the sequence of the complete ORF of another genotype 5a strain (EUH1480) was reported [15] . The ORF of mL. This is the first reported experimental infection of chimpanzees with genotype 5 of HCV. The course of the infection strains SA13 and EUH1480 had the same length, with no insertions or deletions. The amino acid sequences of SA13 at the was characterized by early appearance of viremia, acute resolving or persistent infection, and development of viral hepatitis. putative cleavage sites of the nonstructural proteins were identical to those reported for EUH1480 [15] . However, the identity Although continuous human T cell lines can be infected with HCV, such cultures have proven to be ineffective in propagatof the ORF sequences of these 2 strains was only 90.3% at the nucleotide level and 92.8% at the amino acid level. The enveing this virus. Thus, the chimpanzee model represents the only means of biologically amplifying particular HCV strains. lope proteins of these 2 genotype 5a strains shared only 83.6% identity. Thus, significant heterogeneity exists among different Chimpanzees are susceptible to infection with genotype 1a and 1b isolates, and the course of the infection is reminiscent of strains of genotype 5a.
Phylogenetic analyses of the nucleotide sequences (ORF), infection in humans [5] . The present study extended the susceptibility to genotype 5a and showed that the course of the infecas well as the deduced amino acid sequences (polyprotein), confirmed that genotype 5a represented a separate major genotions with a genotype 5a strain was indistinguishable from those reported for experimental infections with genotype 1 strains. type of HCV (figure 2). Six distinct branches, including the niewsky at Abbott Laboratories for performing the experimental could constitute the cloning source for constructing infectious cDNA clones of the various genotypes of HCV [12, 17] . Also,
